Introduction
Spina bifida, the most common type of neural tube defect (NTD), occurs in approximately 1 to 2 out of 2,000 newborn babies, and is one of the open fetal malformations [1] . An NTD occurs when the neural tube is not completely closed along the spine because of the derangement of the normal embryogenic cascade at 2 to 4 weeks of gestation [2] .
In screening for spina bifida, pregnant patients are subjected to ultrasonography (US) as well as an alphafetoprotein (AFP) test determined in a sample of maternal serum in the second trimester. Screening for NTB is based on positive readings using the cut-off level of 2.0-2.5 multiples of the median (MoM). Additionally, both an amniotic fluid acetyl-cholinesterase (AChE) test and target US are conducted for diagnostic evaluation [3, 4] .
Diagnosis of spina bifida in the first trimester is commonplace and it was recently reported that the false positive rate in the AFP test is much lower when it is conducted in the first trimester comparing with the second trimester [5] . Detection of spina bifida in the first trimester using US is difficult, as the "lemon" and "banana" signs of spina bifida appear in the second trimester [6] .
The current study used the mid-sagittal view of the fetal posterior brain in the sonogram to measure the BS, the BSOB, and the BS to BSOB ratio at the gestational age of 10 +6 to 13 +6 weeks, in order to establish a reference parameter for fetal tests and consistent guidelines for diagnosis of spina bifida in the first trimester. We believe that this guideline will also be useful for determining gestational age.
Material and methods
The subjects of the study were pregnant women aged between 17 and 46 years, who received prenatal care in an OB/GYN hospital ward in the Republic of Korea between April 2013 and February 2016. Signed informed consent was obtained from every subject and the study was approved by the local Ethics Committee. The gestational age (GA) was determined by the last menstrual period (LMP). Among patients at the gestational age of 10 +6 to 13 +6 weeks (i.e., 2,736 singleton pregnant women with a CRL between 38.9 mm and 78.1 mm), the results of 2,621 patients were analyzed in a retrospective crosssectional study, excluding 9 patients with spontaneous abortions, 33 whose fetuses exhibited other malformations, 2 with fetuses with spina bifida, and 71 who could not be examined because of fetal position, oligohydramnios, or maternal obesity. Measurement A GE Voluson E8 Expert, USA system witha convex array probe frequency of 2~8 MHz was used. A sonographer with 17 years of experience conducted all of the tests. Four lines were confirmed in the mid-sagittal view of the posterior brain and obtained for the nuchal translucency (NT) test [10] .
On the fetal posterior, brain images that included the thalamus, lines a, b, c, and d indicated the posterior border of the sphenoid bone, anterior border of the fourth ventricle, posterior border of the fourth ventricle, and anterior border of the occipital bone, respectively (fig 1) [8] .
When the mid-sagittal view was not attainable due to the fetal position, the four lines were confirmed and measured in the transverse plane. The longest vertical depth diameter of the BS and the vertical depth diameter of the BSOB were measured, and the BS to BSOB ratio calculated. The resulting values were compared with the results of the diagnostic evaluation of spina bifida.
Statistical analysis
For statistical analysis, SPSS statistics software version 22.0 (IBM, USA) was used to conduct a regression analysis of both BS and BSOB according to gestational age, to analyze correlations among variables, and to derive the predictive equation. A frequency analysis was conducted to present the percentiles of BS and BSOB values by gestational age. P value <0.05 was considered to be significant.
Results
The characteristics of the study group are detailed in table I. The coefficient of determination (R 2 ) for the CRL by GA was 0.9744. The results showed that CRL increased in proportion to GA. In contrast, the BS to BSOB ratio, which was <1.0 in a normal fetus, did not correlate with the CRL (Table І) .
The BS diameters ranged from 1.0±0.24 to 4.7±0.46 mm, and the BSOB diameters ranged from 2.9±0.36 95th percentiles) are shown in fig 2 and fig 3 and the 5th , 25th, 50th, 75th and 95th percentiles by GA are presented in Table II and Table III . It is clear that the GA, BS and BSOB diameter had strong, statistically significant positive correlations (p<0.0001).
Discussions
As efforts to diagnose nuchal tube malformation during the early stage of pregnancy increase, US in the fetal brain as a screening test is becoming more widely used. In 2009, Chaoui et al reported that fetuses aged 11 to 13 weeks with no visible intracranial translucency (IT), were diagnosed with spina bifida in the second trimester [11] . Afterwards, the mid-sagittal view of the NT test was used to investigate the IT value depending on the CRL [12, 13] . In 2011, Lachmann et al reported that the BS diameter was greater than the BSOB diameter in open spina bifida in 30 fetuses who were compared with 1,000 normal fetuses in London and Berlin, and it was thus found that the BS to BSOB ratio actually increased in spina bifida [8] . Meanwhile, a study conducted in 2012 by Fatima et al reported that, in the case of aneuploidies such as trisomy 18, trisomy 13 and triploidy, the BS to BSOB ratio tends to decrease due to the increase in the BSOB rather than the BS diameter [14] . In 2014, ArtuncUlkumen et al presented the normal range of IT by studying the relationship between IT, the maternal serum, and the ductus venosus pulsatility index [15] . In this study, one of the two cases diagnosed with spina bifida was putatively diagnosed with meningomyelocele as a result of the US conducted during the first trimester, but the fetus was aborted. In the other, the BS diameter was 4.0 mm, the BSOB diameter was 3.4 mm, and the BS to BSOB ratio was 1.18; i.e., >1.0 at 12 +1 weeks of gestation. In the same case, the maternal serum AFP test, conducted at 17 +1 weeks of gestation, showed a positive result, i.e. 3.351 MoM (cut off value: 2.5 MoM) [16] , and the target US conducted during the second trimester at 18 +1 weeks confirmed the "lemon" and "banana" signs [17] .
The current study attempted to establish the standard value of the BS and BSOB diameter for early screening of spina bifida in Korean fetuses. Our findings support the need for routine testing during the early stage of pregnancy. For this study, the mean, standard deviation, and 95% confidence interval of the BS and BSOB diameters at 10 +6 to 13 +6 weeks of gestation were obtained. The results of the study showed that in 2,621 normal fetuses, the CRL increased in proportion to the GA (R 2 =0.9744). The BS and BSOB diameters also increased in proportion to the GA. The BS diameters ranged from 1.0±0.24 to 4.7±0.46 mm, and the BSOB diameters ranged from 2.9±0.36 to 8.5±0.92 mm. As gestational age increased, BS and BSOB increased with statistically significant differences (p<0.0001). In normal patients, the BS diameter was smaller than the BSOB diameter, while in the spina bifida case, the BS to BSOB ratio was greater than 1.0. The BS and BSOB diameters established in this study, along with routine NT tests conducted in the first trimester, are expected to be useful as screening criteria for evaluating the posterior brain for spina bifida.
One limitation of this study was that 2.6% of patients could not be studied because of the fetal position, oligohydramnios, or maternal obesity. Some subjective error is also highly likely because only one sonographer conducted all of the tests. However, if the scanning method is changed, or if the test is conducted while watching the movement of the fetus over a sufficient period of time, more precise measurements can be realized.
Conclusions
In conclusion, evaluation of the posterior brains of the fetuses of Korean pregnant women, using the reference values for the BS and BSOB diameters measured using the mid-sagittal view at a GA between 10 +6 to 13 +6 weeks can be a useful tool for detection of spina bifida.
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